The Spontaneously Diabetic Torii (SDT) rat is a novel rat model recently established for type 2 diabetes mellitus. In this report, we describe the unique histopathologic characteristics of the diabetic ocular lesions observed in both sexes in aging SDT rats. The eyes were histopathologically examined at various ages in 23 SDT rats (twelve males 39 -70 weeks; eleven females 60 -82 weeks). Diabetic ocular lesions included cataract, rupture of the lens, posterior vitreous detachment, proliferative retinopathy, tractional retinal detachment and iris neovascularization in all of the animals of both sexes at ages over 60 weeks. The onset of diabetes is approximately 6 months later in females than in males, however, the diabetic ocular lesions were similar in females and males at ages over 60 weeks. The Spontaneously Diabetic Torii (SDT) rat is a novel rat model recently established for type 2 diabetes mellitus (DM). The SDT rats develop hyperglycemia but can survive for long periods of time without insulin therapy 1 . The first progenitors of this strain of rat were discovered and maintained at the Research Laboratories of Torii Pharmaceutical Co., Ltd., Chiba, Japan. After the 20 th generation of sister-brother mating, the diabetic strain was established in 1997, and has become commercially available since 2005 as the SDT/Jcl rat (CLEA Japan, Inc., Tokyo, JAPAN). The onset of diabetes is as early as 15 weeks of age in males and 40 weeks in females. The cumulative incidence of diabetes reaches 100% by 40 weeks of age in male SDT rats, however, only 33% of female SDT rats develop diabetes by 65 weeks of age 1 . In the present report, we describe the unique histopathologic characteristics of the diabetic ocular lesions observed in both sexes of aged SDT rats.
The Spontaneously Diabetic Torii (SDT) rat is a novel rat model recently established for type 2 diabetes mellitus (DM). The SDT rats develop hyperglycemia but can survive for long periods of time without insulin therapy 1 . The first progenitors of this strain of rat were discovered and maintained at the Research Laboratories of Torii Pharmaceutical Co., Ltd., Chiba, Japan. After the 20 th generation of sister-brother mating, the diabetic strain was established in 1997, and has become commercially available since 2005 as the SDT/Jcl rat (CLEA Japan, Inc., Tokyo, JAPAN). The onset of diabetes is as early as 15 weeks of age in males and 40 weeks in females. The cumulative incidence of diabetes reaches 100% by 40 weeks of age in male SDT rats, however, only 33% of female SDT rats develop diabetes by 65 weeks of age 1 . In the present report, we describe the unique histopathologic characteristics of the diabetic ocular lesions observed in both sexes of aged SDT rats.
Twenty-three SDT rats kept without any treatment were euthanized by exsanguination from the abdominal aorta under ether anesthesia at various ages (twelve males: one 39-week-old, three 53-week-old, one 64-week-old and seven 70-week-old rats; and eleven females: five 60-week-old, four 68-week-old and two 82-week-old rats). Both eyes were removed and fixed in Davidson's fixative. The dissected eyes were observed under a stereomicroscope (SZX, Olympus, Tokyo, Japan). After the observation, slices of the eyes were embedded in paraffin, sectioned at 4 µm, and stained with hematoxylin and eosin (H&E) for light m i c r o s c o p y . O t h e r s e c t i o n s w e r e s t a i n e d immunohistochemically using the labeled streptavidinbiotin-peroxidase complex (LSAB) method with mouse monoclonal anti-α-smooth muscle actin (clone ASM-1, 1:100, Progen Biotechnik GmbH, Heidelberg, Germany) as the primary antibody. All animals were handled in accordance with the Guidelines for Animal Experimentation of the Japanese Association for Laboratory Animal Science.
At necropsy, both eyes of all animals showed cataract. Under stereomicroscopic observation, the retina near the optic disc was frequently seen to be raised and a fine fibrous tissue was found between the raised retina and the distorted lens in most of the aged rats (Fig. 1) . In a 64-week-old male, the unilateral eye showing cataract for a long period of time became red indicating anterior chamber hemorrhage, and the animal was euthanized.
Histopathologically, only slight cataract was observed in the 39-week-old male whereas severe diabetic ocular l e s i o n s i n c l u d i n g c a t a r a c t , r e t i n o p a t h y a n d i r i s neovascularization were observed in other animals of both sexes as described below (Table 1) . These ocular lesions were bilaterally observed in most cases with degrees of severity not being necessarily equal in both eyes.
In the lens, swelling, vacuolation, liquefaction and disintegration of the lens fibers, and Morgani's globules were observed in the cortex showing hypermature cortical cataracts. The incidence reached 100% in males and females of all age groups. In addition, the nucleus of the lens was often extruded into the vitreous due to rupture of the posterior lens capsule that was coiled at the equator (Fig. 2) . A few mononuclear cells and multinucleated giant cells phagocytizing the degenerated lens fibers were occasionally associated with the site of the lens rupture where proliferative fibrovascular membrane was frequently formed. The lens with intact capsule showed remarkable loss of the anterior and posterior cortical lens fibers, resulting in a deformed contour of the lens.
The vitreous body was shrunk and the vitreous cortex was detached from the retina (posterior vitreous detachment) in 19/23 rats, resulting in tractional retinal detachment around the optic disc in 17 out of these 19 rats. This observation corresponded with the fine fibrous structure observed in the stereomicroscopic observation ( Fig. 1 ). In addition, proliferative fibrovascular membrane, containing fine capillaries, was formed and connected the vitreous cortex with the retina. These findings were prevalent only in rats at ages over 60 weeks. When the atrophy of the vitreous involved fibrovascular membrane, the retinal detachment was a sequela. Inflammatory cell infiltration probably associated with degenerated lens fiber, was often observed within the fibrovascular membrane. Immunohistochemically, spindle shaped cells in the proliferative fibrovascular membrane showed a positive reaction to α-smooth muscle actin and thus, were considered to be myofibroblasts, indicating a contractile property of the membrane itself. The capillary vessels in the fibrovascular membrane were very fine with thin walls and in the case of a 70-week-old male, vitreous hemorrhage and slight inflammatory cell infiltration were observed (Fig. 3) .
At the site where the fibrovascular membrane was anchored, the retina was locally thickened and formed folds. The retina was detached from the retinal pigmented epithelium in 17/23 rats (tractional retinal detachment). The photoreceptor cells underwent degeneration and numerous phagocytic cells were seen in the subretinal space (Fig. 4) . Cells in the inner nuclear layer were vacuolated probably due to the deteriorated microenvironment. Dilated capillaries and a newly formed capillary network were another characteristic feature of the thickened retina (Fig. 5 ). In addition, hemosiderin deposition indicating previous hemorrhage was sometimes observed in the retina. All these findings noted in the retina together with those in the vitreous are well consistent with proliferative diabetic retinopathy described in diabetic patients 2 .
In the iris, neovascularization was evident with an incidence of 19/23. The iris was often continuous with the fibrovascular tissue that covered the surface of the anterior lens capsule (Fig. 6 ). In the ciliary body, neovascularization and hemosiderin deposition were observed in the trabecular meshwork in 19/23 rats (Fig. 7) . In one case, a 64-week-oldmale, the unilateral eye became red and the anterior chamber was filled with erythrocytes indicating severe hemorrhage (Fig. 8) . In addition, the anterior chamber was often dilated and filled with proteinaceous fluid strongly suggesting development of neovascular glaucoma. Diabetes leads to collapse in ocular physiology and as a result, cataract, diabetic retinopathy (DR) and neovascularization in the iris accompanied often by neovascular glaucoma sometimes develops in human patients. Spontaneously occurring diabetic rodent models include the Bio-Breeding (BB) rat 3 , the Non-ObeseDiabetic (NOD) mouse 4 , the Goto-Kakizaki (GK) rat 5 , the Otsuka-Long-Evans-Tokushima-Fatty (OLETF) rat 6 and the WBN/kob rat 7 . Chemically induced diabetic rodent models can also be prepared using streptozotocin and alloxan 8 . However, there has been no adequate animal model for diabetic ocular complications morphologically resembling those in diabetic patients. In the present study, we have demonstrated that both sexes of the SDT rat can develop diabetic ocular complications characterized by proliferative DR and neovascularization in the iris. Hence, the SDT rats represent the first animal model for diabetic ocular complications. It is most likely that among the diabetic animal models, only the SDT rat is capable of surviving with sustained hyperglycemia for a long enough period of time to develop severe end-stage diabetic retinopathy 9 . In humans, dysfunction and disturbance of the capillaries due to sustained hyperglycemia is thought to be the cause of DR, and microaneurysms, capillary occlusion, retinal hemorrhage and subsequent retinal ischemia are regarded as crucial events for the development of DR.
However, these morphological findings rarely precede DR in the SDT rat 9, 10 . Instead, increased expression of both vascular endothelial growth factor (VEGF) and pigment epithelium-derived factor have been implicated in development of DR in the SDT rat 9, 11, 12 . VEGF is a key factor in the development of diabetic ocular complications in humans and an increase in VEGF concentrations has been reported in the aqueous humour of the SDT rat 12 . In addition, inflammation, likely a response to degenerated lens fibers and vitreous hemorrhage, may also promote the development of the proliferative fibrovascular membrane in the vitreous space.
Comparing the male and female SDT rats, the onset of diabetes is 15 weeks of age in males while it is 40 weeks in females. However, the histopathologic appearances were indistinguishable between sexes at ages over 60 weeks. It is suspected that the female SDT rats develop diabetic ocular complications in a progressive manner from an early period of time. The female SDT rats show impaired glucose tolerance (IGT) a long time before the onset of diabetes 13 . There is accumulating evidence that IGT is heavily linked with retinal injury 14 . Therefore, DR may gradually progress during a presymptomatic period in association with IGT, predisposing a rapid alteration of the ocular morphology at the onset of diabetes in female SDT rats.
In conclusion, SDT rats of both sexes develop ocular complications morphologically consistent with those 
Findings Grade* -+ 2+3+ P -+ 2+3+ P -+ 2+3+ P -+ 2+3+ P -+ 2+3+ P -+ 2+3+ P -+ reported in diabetic patients, and they provide a useful animal model for investigating therapeutic agents. The female SDT rats may especially be valuable for elucidating the pathogenesis of diabetic ocular complications related to IGT.
